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4. Rationale:  

 
Intracranial Atherosclerotic Stenosis (ICAS) is associated with 8% of all strokes in the U.S. Stroke 
patients with a higher risk of recurrent ischemic events caused by ICAS, reaching nearly 14% per year. 
[1] A community-based study conducted in China showed hs-CRP is an independent predictor of 
asymptomatic ICAS and intracranial atherosclerotic burden. In this study, after adjusting for possible 
risk factors, high level of hs-CRP (≥ 3 mg/l) remained significantly associated with asymptomatic ICAS 
(OR 1.28, 95% CI 1.02–1.61). [2] Extensive gingivitis, a reversible form of periodontal disease that is 
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associated with a high inflammatory index, has been shown to be significantly associated with systemic 
diseases as well as with the systemic inflammatory markers IL-6 and CRP [3].  
 
Periodontal disease has previously been linked with stroke and extracranial carotid atherosclerosis. 
However, no studies to date have investigated the association between periodontal disease and 
intracranial atherosclerosis. In light of the important role of inflammation in intermediate stroke risk 
factors including atherosclerotic disease and potential for systemic inflammation caused by periodontal 
disease, investigating the relationship between PD and ICAS could identify a new risk factor for 
intracranial atherosclerosis.  
 
Cerebral small vessel disease (SVD) manifests as white matter hyperintensities and contributes to 
ischemic stroke of the lacunar subtype. SVD causes 25% of ischemic stroke and more than doubles the 
odds of recurrent stroke [4]. However, its pathogenesis remains uncertain and risk factors are still 
being discovered. Prior studies have demonstrated an association between inflammation and specific 
types of SVD. [5] Since PD, a potentially modifiable risk factor, has been shown to be associated with 
inflammation [3], a relationship between PD and SVD could identify a new risk factor for cerebral SVD.  
  
For this study, our objectives are i) to study the relationship between each class of periodontal status 
and severe asymptomatic ICAS, defined as ≥50% stenosis measured on magnetic resonance angiogram 
(MRA) and ii) to investigate the relationship between periodontal disease and intracranial small vessel 
disease assessed on magnetic resonance imaging (MRI) brain.  

 
5. Main Hypothesis/Study Questions: 
 
Is periodontal disease (PD) independently associated with severe asymptomatic intracranial 
atherosclerotic stenosis (ICAS) and moderate-severe small vessel disease? 
 
Subjects with a diagnosis of PD will have a higher proportion of severe asymptomatic ICAS. These 
subjects will also have a higher proportion of moderate-severe small vessel disease, manifested as white 
matter hyperintensities.  
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of interest with 
specific reference to the time of their collection, summary of data analysis, and any anticipated 
methodologic limitations or challenges if present). 
 

1. Study design:  CASE-CONTROL     
1) CASE-≥50% ICAS on MRA  CONTROL: <50% ICAS on MRA (visit 5) 
2) CASE-Significant WMD on MRI CONTROL: No significant WMD on MRI (visit 5) 
 
EXPOSURE: PD (PPC) assessed on visit 4 
 



 
 
 

Inclusion/Exclusion:  

In the Dental Atherosclerosis Risk in Communities (Dental ARIC) study, full-mouth clinical 
periodontal measurements (7-indices) collected at 6 sites per tooth from 6,155 subjects without 
prior stroke were used to differentiate seven periodontal profile classes (PPCs: A or periodontal 
health, B through G based on increasing severity of periodontal disease). Of this cohort, a 
stratified subset underwent 3D time-of-flight MR angiogram and 3D high-isotropic resolution 
black blood MRI. ICAS was graded according to the criteria established by the Warfarin-Aspirin 
Symptomatic Intracranial Disease (WASID) trial. For each subject, white matter disease (WMD) 
was measured for both the percentage and volume of white matter hyperintensities apparent on 
FLAIR MRI images. WMD was further classified into periventricular white matter hyperintensities 
(PVWMH) and deep white matter hyperintensities (DWMH). Only patients with MRI and MRA 
obtained during visit 5 will be included. Among these participants, those with missing dental 
history information and those who do not meet the criteria as above will be excluded. Those with 
race other than white or black will be excluded due to limited sample size.  

Main exposure: PD was classified at visit 4.  Details on the periodontal profile class (PPC) may be 
found elsewhere. [6] Briefly, participants were grouped into periodontal health (PPC-A), mild PD 
(PPC-B and C), moderate PD (PPC-D and E) and severe PD (PPC-F and G) groups.  Among these 
groups, periodontal health (PPC-A) served as the comparison group. By definition, they were 
classified as PPC-A or periodontal health, PPC-B or mild periodontal disease, PPC-C or high 
gingival index score, PPC-D or tooth loss, PPC-E or posterior periodontal disease, PPC-F or severe 
tooth loss, and PPC-G or severe periodontal disease. PPC-A through G indicated higher grades of 
periodontal disease. The PPC is a data-driven agnostic classification system that does not utilize a 
priori assumptions of disease parameters to create seven different mutually-exclusive classes of 
disease that follow a gradient in terms of attachment loss, but not necessarily a gradient in 
clinical inflammation (ie, gingival index and bleeding scores).[6] 

 



Main Outcomes:  

• Severe Asymptomatic Intracranial Atherosclerotic Stenosis (0-50% stenosis, ≥50% 
stenosis) 

• Cerebral White Matter Disease Volume (significant amount to be determined after data 
Obtained) 

 
Co-variates: Age, gender, race (categorized as European American or African-American), and 
smoking status at visit 4 was assessed by self-report. Hypertension was defined as a systolic 
blood pressure of 140mmHg or higher, a diastolic blood pressure higher than 90mmHg, or use of 
medications to treat hypertension. Diabetes was determined by a self-reported history of a 
physician diagnosis of diabetes, non-fasting blood glucose level of 200 mg/dL or higher, fasting 
blood glucose level of 126mg/dL or higher (to convert glucose to millimoles per liter, multiply by 
0.0555), or use of insulin or other oral hypoglycemic medications. LDL cholesterol was obtained 
from fasting lipid profile. [7] 
 
Statistical analysis:   
For the descriptive analysis, patient’s demographic, medical history variables, and baseline 
clinical characteristics will be compared across ICAS categories. Chi square testing and 
independent sample t-test will be used for comparison of categorical and continuous variables, 
respectively.   
Logistic regression models will be used to calculate odds ratios (ORs) of the effects of variables 
on the relationship between PD and ≥50% ICAS. Separate logistic regression models will be used 
to calculate ORs and 95% CIs for association of PD with ICAS after adjustment for multiple 
covariates. Several models may be run including covariates -- demographics (i.e. age, race, sex) 
and vascular risk factors (i.e. hypertension, LDL cholesterol, DM, smoking). These covariates will 
initially be assessed for evidence of significant confounding between the exposure and each 
outcome variable, before being included in a final model.  
The analysis to test the relationship between PD and small vessel disease measured as the log of 
the white matter hyperintensities on MRI brain will be compared between the periodontal 
status categories using t-test, ANOVA and ANCOVA (after adjustment for covariates listed 
above). All statistical analyses will be two-tailed, and a P value of 0.05 will be considered for 
statistically significant. 

 

Exposure Variable Periodontal disease (PPC or periodontal profile class) assessed at V4 
Outcome Variables • ICAS (no stenosis, <50% stenosis, ≥50% stenosis/complete occlusion) 

measured at V5 
• Moderate-severe white matter disease (DWMH and PVWMH) 

automated measurement (mm2) and log-transformed white matter 
hyperintensity volume, also measured on V5 

 
Covariates Sex 

Age 
Race 

Filed Center 
Hypertension 



 
1. Limitation:  

 
1. Traditionally, digital subtraction angiography (DSA) is regarded as the gold standard for the 

diagnosis of ICAS; however, it is expensive and invasive. Although MRA has been regarded as a 
minimally-invasive and convenient screening method to diagnose ICAS, it is not as accurate as 
digital subtraction angiogram for determining ICAS. Having said that, doing DSA in asymptomatic 
study participants would not be practical due to the risk associated with invasive procedure.   

2. Periodontal disease: reliance on single periodontal disease assessment, a limited number of 
incident stroke subtypes, and owing to the observational nature of our investigation, the 
possibility of residual confounding cannot be eliminated. Socioeconomic factors such as access 
to care, income, and health-care behaviors may be potential confounders. However, we 
adjusted for education levels that in these data serve as a surrogate for the socioeconomic 
status. 

3. The exposure measurement-periodontal status at V4 and outcome measurements-large vessel 
disease ICAS on MRA and small vessel disease on MRI performed on V5. The proposal is hence 
designed as a case-control study, and will serve the purpose of generating hypotheses by testing 
the associations. A prospective study may be planned based on the data to confirm hypothesis 
and any potential causal associations.  
 
This proposal has important clinical implications and may help point the way to future research 
to identify and target populations with ICAS and small vessel disease, both having high stroke 
risk. Hence, the results may help clinicians regarding stroke prevention strategy for high-risk 
populations, such as periodontal treatment.  
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